Few groups of non-pathogenic bacteria have held such great interest or have been so thoroughly studied as the rhizobia. The recent monograph by Fred, Baldwin, and McCoy (1932) affords a full review of the voluminous literature. Excellent reviews of the early period of study were given by Atkinson (1892) and by Erwin F. Smith (1911). No very critical review has appeared on the life cycle.
matter of common observation that bacteroids from nodules or cells from old cultures stain poorly with anilin dyes, and when stained show a structure which has been variously described as banded, barred, vacuolated, granulated or alveolar. This is very good presumptive evidence for the presence of non-stainable, lifeless cell inclusions within the cytoplasm and suggests the probability that the belief in reproduction by gonidia is based on an erroneous interpretation of the cell structure.
Various writers have referred to the fact that bacteroids contain highly refractive granules which are not stained by anilin dyes. Atkinson (1892) noted such granular bodies and identified them tentatively as condensed masses of protein. He wrote as follows:
On staining bacteroids from tubercles of Medicago denticulata with fuchsin they present an interrupted stain, simulating in this respect the rods of Bacillus tuberculosis. It is quite likely that the difficulty experienced in staining these objects in the tubercles has led some to describe the stained portions as spores. Lundstrom (1888) observed that bacteroids from nodules which had been in water for some time were filled with refractive granules which he regarded as inclusions consisting of condensed protein.
More definite studies on these granular bodies have been recorded. Prazmowski (1890) tion. The yeast-water mannitol medium described by Waksman and Fred (1928) was employed as a culture medium for most purposes. This medium was varied in some cases by substituting sucrose or glucose for mannitol. Soil extract, soil-extract agar, bouillon, beef-extract peptone agar, and each of these containing mannitol, glucose or sucrose were also employed as culture media.
Microscopic examinations were made of cells from young and old cultures. The preparations included nigrosin and congo-red films, heat-fixed films stained with various anilin dyes, hanging drop and flat wet mounts with special staining methods for fat inclusions.
Since most writers have attached great importance to the banded or vacuolated cells as the bearers of gonidia, the structure and the conditions which favor formation of this cell type in cultures received special attention. Cells from old cultures on yeast-water mannitol agar contain highly refractive spherical granules which are not stained by aqueous solutions of anilin dyes. They are stained intensely by the naphthol-blue method of Dietrich and Liebermeister (1902) , by the several methods described by Eisenberg (1909) , and by Sudan III. Accordingly, they are regarded as cell inclusions of a fat-like substance. This identification is supported by the early work of Moller (1892) and by the recent study of Hopkins and Peterson (1930) , who studied ether and chloroform extracts by precise macrochemical methods. Their results show that about 20 per cent of the dry weight is soluble in chloroform.
Fat bodies are present in practically all cells of the various species studied after the cultures reach an age of three or four days and may be observed in many cells in 24-hour cultures. The number of bodies varies with size of the cells. Long rods may contain four to six while short rods contain one or two. Large inflated bacteroids contain many fat bodies, the cytoplasmic content is reduced to a mere reticulum, and the structure appears alveolar. When stained with aqueous solution of anilin dyes, the fat-containing cells appear to be vacuolated and banded since unstained fat bodies, which may equal the diameter of the cell, alternate with stained masses of cytoplasm (figs. 1 and 3).
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The principal factor which favors formation of fat bodies is the composition of the culture medium. They were more abundant in media containing mannitol, sucrose or glucose. It is impossible to agree with Bewley and Hutchinson (1920) Additional evidence that banded cells produce gonidia has been offered by Gangulee (1926) who reported the development of flagella on the bodies while still enclosed in the mother cell. The diagramatic drawings presented by Thornton and Gangulee (1926) to illustrate such flagellation are not convincing. The drawings do not show internal flagellated bodies but banded rods with flagella borne externally as in the case of unbanded rods. Examination of rhizobial cells containing fat bodies reveals the fact that such cells are frequently motile. The same is true of other fat-depositing motile species such as Bacillus cereus. The banded flagellated rods are doubtless cells which have deposited fat bodies while still retaining their original flagella. Ledingham (1931) suggested that the banded rods might be due to some form of multiple fission. A somewhat similar view was held by Schneider (1902) . Thornton (1931) replied to Ledingham that "owing to the small size of the organism it is difficult to be sure whether transverse walls are formed between the coccoid bodies before their release. But it is probable that the bodies are released from inside, since the empty and disintegrating mother cells can often be seen in preparations made when the cocci are appearing." It appears to the writer that both of these conceptions are based on erroneous interpretations of the cell structure.
The banded condition appears to bear no relation to a method of reproduction when the real cause of banding is understood. There might be some who would maintain that the fat bodies are themselves non-stainable gonidia impregnated with fat-like material but containing also living substance. This matter has been discussed in my previous paper on the cell inclusions of Azotobacter (1937) . Similarly it could be maintained that the stainable masses although conditioned by the presence of fat bodies are segments of the protoplasm and should be capable of growth when set free from the cell. This contention must not be passed lightly for it would apply equally as well to other fatdepositing species including many members of the genus Bacillus and probably the mycobacteria as well.
Such an extreme view is not compatible with previous knowledge of the process of reproduction and is not supported by any known facts. Many workers have-attempted to determine whether or not the bacteroids are viable either by liberation of living internal units or by buds broken directly off the parent cell. This subject has been fully reviewed by Almon (1933) who made a careful study by means of single-cell isolation. Her results show that of 411 bacteroids isolated from nodules only one gave evidence of growth in various media favorable for multiplication. This one case was discounted on the grounds of experimental error. A total of ten vacuolated cells were isolated from old cultures and planted in yeast-water mannitol solution. Growth occurred in one case only. Again the result was discounted since some difficulty was encountered in recognizing bacteroids in the unstained condition. Muller and Stapp (1925) observed individual bacteroids microscopically during an incubation period of 72 hours but saw no changes although the medium was favorable for reproduction. Bazarewski (1927) believed that very young bacteroids might transform themselves into simple rods such as those from which they arose but did not reproduce otherwise. It appears, therefore, that the evidence, both cytological and cultural, is directly opposed to the theory of viable units borne within the so-called vacuolated cells.
Old cultures of rhizobia are characterized by extreme pleomorphism. A most thorough study of this subject was made by Buchanan (1909) . His camera-lucida drawings show that old cultures consist of a mixture of cell types which are extremely variable as to size and form. He concluded, however, that this does not signify a life cycle through which the organism must pass but is due to external conditions.
The occurrence of pleomorphic cell types has been reported in various bacillary species by many workers including Henrici (1928) , Stapp and Zycha (1931) , Lewis (1932) , who have discussed the possible relation of such pleomorphic cells to a definite life cycle.
It is not necessary to assume that the coccus-like cells in old gonidiangia. In the light of our knowledge of the cell structure, such an assumption is not tenable. It is well known that the form and size of cells is a function of the rate of growth and rate of division. As the growth rate slows down, cell division may continue at an unaltered rate and some of the cells become smaller and smaller. This results in the formation of short ovoid cells and pseudococci. In some cases the cells appear to lose the capacity for cell division while retaining capacity for growth and deposition of fat bodies and become transformed into elongated banded rods and swollen bacteroids. It may also be observed that many of the small ovoid cells and cocci are non-motile, contain tiny fat bodies, and must be regarded, therefore, as old mature vegetative cells. The process may be reversed by planting cells from old cultures in a fresh culture medium. A study of the growth phases of rhizobia reveals nothing unusual. When cells from old cultures are transplanted to fresh media and examined during the early and late phases of growth an orderly sequence in development occurs. Cells from young cultures are characterized by absence of fat bodies and presence of flagella. The cytoplasm stains deeply and uniformly with aqueous solutions of anilin dyes. Some fat bodies appear within 24 hours in culture media containing glucose, sucrose or mannitol. As the culture develops there is a tendency toward uniformity in shape and size of the cells which is most strongly marked in cultures after 18 to 24 hours on mannitol yeast-water agar. Cells from 48 hour cultures contain fat bodies but in many cases have retained motility and are capable of cell division. With further age motility is lost and the pleomorphic cell types appear. Cultures after seven days consist of a mixture of long and short rods, pseudococci, small ovoid cells, branched rods and swollen granulated bacteroids. In still older cultures many of the cells have become autolysed and broken down with liberation of fat bodies and partially disintegrated masses of cytoplasm.
The sequence of events in cultures of rhizobia is similar to that already known for such species as Bacillus mycoides, Bacillus megatherium and others. The evidence does not appear sufficient to warrant the conclusion that the observed phenomena are due to a cyclogenic life history. The term, growth cycle, is preferable since it does not imply a cyclogenic life history based on specialized reproductive cells but indicates a repetitive sequence in the growth phases of cultures when transplanted at appropriate intervals. The transition from motile to non-motile condition and back to motile, is not unusual since it occurs in other motile species. There is, however, no reason to doubt that these transitions may be influenced by the culture medium and other conditions of cultivation and correlation with phases of growth is to be expected. The formation of pseudococci and ovoid cells in old cultures and the transition back to rods when placed in fresh media is due to response to changing conditions for growth and not to an inherent method of reproduction other than cell division. The capacity to deposit fat bodies is inherent but it is influenced by the culture medium and correlates with the age of the culture.
The view set forth above is not different from that of previous writers so far as the cell types and their sequence in the "upgrowth and downgrowth" in cultures is concerned but is directly opposed to some previous interpretations of cell structure 
